AbstrAct
Durability of Two R-Phase Rotary Systems used in the Mechanical Instrumentation of Dilacerated Root Canals

IntroductIon
O ne of the main objectives of endodontic file manufacturers is to produce instruments with increased resistance to separation, including the nickel-titanium (NiTi) files used in the mechanical instrumentation of root canals. Thus, with new methods of producing the instruments and with the resistance improved, the use of the instruments would be safer. 1 It is known that the area of the instrument prone to fatigue coincides with marks and depressions left in the file by the machining process. 2 Moreover, an important point to be taken into account when talking about instrument fractures is the size of the root canal. However, in this regard, there are only a few studies correlating dilacerated root canals and instrument fracture. 3 The SybroEndo manufacture process, available since 2008, is related to the production of the twisted file system, which presents a triangular transversal section and high cutting efficiency. The twisted file system is the only one with NiTi instruments produced by torsion, a process allowed by a thermic treatment named R phase. Such treatment is applied to the instruments after the conclusion of the machining process with the aim of transforming molecular phase of the metal in a structure different from the original. 4 These improvements in technology and manufacture processes culminated in a new generation of endodontic files. The already existent K3 (SybronEndo, Orange, CA, EUA) were improved to K3 XF that presented higher flexibility and resistance to fatigue. They are now produced by conventional machining with the triple-helical transversal section, maintaining the original design. However, in the new version, the R phase treatment corrects the fragilities of machining process of the old version of the instrument. 4 The availability of new instruments that supposedly present improved characteristics for clinical use is increasing. However, there are few studies reproducing their use and checking their ORIGINAL RESEARCH 1, 4 School of Dentistry of Ceará, São Leopoldo Mandic University, Postgraduation Program in Endodontics, Campus Fortaleza, Fortaleza, CE, Brazil resistance, mainly in dilacerated canals. Therefore, the aim of this investigation is to evaluate the durability of the rotary systems K3 XF and TF, both with the R phase thermic treatment.
MAterIAls A n d M e t h o d s
After ethical approval by the research ethics committee, human molars extracted for therapeutic reasons were selected. As previous studies had already shown that the instruments to be used in this investigation present only slight variations in regard to fracture and cyclical fatigue, three kits were mounted.
Sample Selection
Molars presenting one or more root canal with a dilaceration between 30° and 90° were selected by the Schneider method and circumference radius (2-9 mm). A sample of 120 roots dilacerated canals were selected for this study. Each instrument kit was used to prepare 20 root canals. After being disinfected with sodium hypochlorite 2.5% for 30 minutes, the teeth were kept in physiological solution for one week.
Preparation of the Specimen
The root canals were numbered and randomly assigned in six groups and allocated in one kit of one of the two instrument systems. The root canals were statistically evaluated in terms of their radius and curvature angle, and no differences were found (ANOVA). In the group twisted file (TF), the instruments of the system Twisted File Large (SybronEndo, Orange, CA, EUA) were used. In the group, K3 XF instruments were used in the RCS sequence after the access cavity, the teeth were prepared under irrigation with 2% chlorhexidine gluconate in the gel (CHX; BioPhormula, Fortaleza, CE, Brazil) followed by irrigation with 0.9% physiological solution. The opening of the root canals was prepared with CP Drill (Helse Ultrasonics, Santo Rosa do Viterbo, SP, Brasil). The working length was established at the 1 mm before the apex foramen.
All the procedures were performed by a single trained operator. The motor elements (SybronEndo) were used to trigger the instruments. Standardized speed and torque were established as follows:
Group TF-KIT Large
Cervical and medium thirds of the root canals were prepared with the instrument 25/.10 (350 RPM e 2 N). In the beginning of the apical third, the instrument 25/.08 (350 RPM e 2 N) was used, while in the working length the instrument 25/.06 (300 RPM e 1 N) was employed.
Group K3 XF-RCS
The cervical and medium thirds of the root canals were prepared with the instrument 25/.08 (350 RPM e 2 N). In the sequence, the instruments 15, 20, 25, 30/.04 (300 RPM e 1,5 N) e 20/.06 (300 RPM e 1,5 N) were employed in the working length.
After each instrument change, irrigation was performed with 5 mL of physiologic solution. When the endodontic file was not able to reach the working length, the instrument spirals were cleaned, and irrigation was performed again. The endodontic file was inserted into the canal as much as it was needed to reach the determined working length.
The endodontic files were qualitatively evaluated after each use in regard to their deformation and separation by inspection with a magnifying glass (LED Headlight Titan) under a 3.5× magnification. When deformation or separation was observed, the place of such alteration and the number of times that the instrument had been used were registered. When an instrument fractured, it was replaced by new ones to finish the instrumentation.
Statistical Analysis
Normality was checked, and the data were analyzed by ANOVA, considering two outcomes, instrument deformation, and dilaceration.
results
The mean of root dilaceration was 49.6° with a radius of 6,3 mm in both experimental groups. The comparison between groups in regard to deformation and fracture is shown in Table 1 . No statistically significant differences were found in both analyses when comparing the groups (p >0.05). Only two instruments of the TF group fractured during the instrumentation. Any endodontic file fractured before being used less than 10 times. The file 25/.10 exhibited resistance until its 20th use. All the files 25/.08 only fractured after the 10th use, resisting fatigue without showing any sign of prior deformation. Regarding the file 25/.06, deformation was seen with the instrumentation of 4-11 root canals, however, any of these instruments fractured ( Table 2) .
Regarding the K3 XF system, instruments enabled the instrumentation of six curved root canals with no fracture of the instrument. The file 25/.08 was fractured two times, one fracture occurred after the sixth time of use (kit 3) and the other after being used 14 times (kit 2). In both, fractures affected the intermediate portion near the tape during the instrumentation of the cervical and middle thirds of the root canal. Two files 15/.04 remained intact after instrumentation, and one of them (kit 2) deformed after being used 11 times until the final fracture when preparing the 13th root canal. Instruments 20/.04 and 20/.06 were more resistant until the end of the experimental protocol. Conversely, instrument 25/.04 was the least durable as just one 25/.04 file (kit 3) remained intact until the end of the instrumentation. Two 30/.04 files did not fracture after the experimental protocol whilst only one deformed after the third use (Table 3) .
dIscussIon
The analysis of longevity until a fracture occurrence is justified due to the reuse of endodontic files in an everyday clinical condition, thus determining a safe number of uses is relevant. Wolcott et al. 5 considered that a fracture of endodontic instruments is an inherent risk of the endodontic treatment and the number of uses is a determining factor of this type of accident.
According to Bhagabati et al., 6 the influencing factors for endodontic instrument fractures were frequently described in the literature individually, however, they act simultaneously during the root canal instrumentation, which supports the use of extracted human teeth for experimental protocols. [7] [8] [9] The anatomy of radicular canals, mainly diameter, curvature radius and angle, number of instruments used, transversal section, torque, rotation speed, experience, preparation technique, manufacturing process, instrument design, and surface modification of the metallic alloy are some factors reported in the literature that affect endodontic instruments and could contribute to the fractures. 4, 6, [10] [11] [12] [13] Thermal processing of the systems used, namely R-Phase, seems to play a role in eliminating the drawbacks of the machining process and yielding instruments with a superior mechanical resistance.
1,14-16 According to Kim et al., 17 thermally treated NiTi files, M-Wire, R-Phase, or CM-Wire instruments demonstrated improved resistance to cyclic fatigue in comparison with conventional NiTi files, showing the mechanical superior features of these modified alloys.
Another advantage regarding the heating process of R-Phase was described by Zhao et al. 18 who evaluated through microcomputed tomography (microCT) the preparation of the radicular canal by Hyflex CM, TF, and K3 files. The TF system removed higher amounts of dentin (p <0.05), while no significant difference between Hyflex CM and K3 was found. The TF system also significantly reduced over instrumentation compared with the K3 system but with no difference in relation to the Hyflex CM system.
Here, the TF system files enabled the instrumentation of 10 radicular canals without a single fracture, compared with the six canals prepared by using the K3 XF system, no statistical difference was observed between groups. Similar findings were described by Kim et al. 17 and Rodrigues et al. 19 when compared the resistance to fatigue of machined NiTi rotatory instruments with TF files. The latter showed higher resistance values to cyclic fatigue. Likewise, Bhagabati et al. 6 evaluated the resistance to fracture in vitro of three machined systems (ProFile, Mtwo, K3) and TF. The latter presented increased resistance and the authors associated its better performance to the thermal treatment it received as well as to its electropolishing. However, Pérez-Higueras et al. 13 compared the resistance to cyclic fatigue with the continuous and reciprocating kinematics of K3, K3 XF, and TF systems. K3 XF system obtained the best performance, followed by TF systems. This can be due to the transversal section shape of these instruments, which aids in dissipating the strength of the cutting edges of the instruments.
Caballero et al. 9 tested TF instruments (25/0.08) comparing them with Reciproc (R25) regarding the instrumentation of root canals with curvature angles between 15º and 30º as well as radii ranging from 4 to 5 mm. The authors observed that instruments presented defects such as plastic deformation and changes in the cutting edge after using TF files six times, and these changes increased even more after using the instruments 12 times. This corroborates with our results which showed that TF instruments were used 11 times until deformation.
It is important to highlight that extrapolating results obtained in preclinical protocols to a clinical scenario should be done carefully as many variables can be controlled, mainly related to the position of the tooth in the dental arch of the patient, opening of the mouth and tiredness during the endodontic treatment. However, this study was carried out with extracted human teeth to approximate our conditions to the clinical ones at the most. The results obtained point to the possibility of reuse of the instruments, however, in curved channels, should be considered, instruments with heat treatment, small tip, and small conicity, should be preferably new or little used. Nonetheless, our results do not recommend reusing files after deformations occur.
conclusIon
Under the conditions of this study, there were no statistically significant differences between K3 XF and twisted file kit systems regarding the rotatory sequence for safe curvatures and the number of radicular canals prepared until deformation or fracture. The TF system instrumented ten root canals while K3XF system prepared six canals until fracturing.
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